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A setofchartsispresentedfortheconvenientdetegni~tionof
flowconditionsbehinda shockt~areandatthesurfaceofinclined
Pkmes andaxiallys~etriccones”locatedina tiiformfrictionless
suPer80ticairstream.Shockangle,static-pressurecoefficient,
Static-pressureratio,total-pressureratio,lkchnumberratio,and
velocityratiofortwo-dimensio~land~nicalflowfieldsare
plottedfur’srangeoffree-streamlfscknumbersfrom1.05toinfinity.
Thechartsfortwo-d~nsionalflowwerecalculatedfromtheoretical
relationsforobliqueshocksinfrictionlessairstreams.Thecharts
forflowagainst@neswereobtainedfromsolutionspreviously
~ported.A chartofthePrandtl-Meyerrelationsfortwo-dimensional
isentropicflowaroundcornersisalsopresented.

INTRODUCTION

Thedeflectionofa unfformsupersonicairstreamproducedby
anyobstacleinthestreamresultsintheformationofa shockwave.
Astheairflowsthroughthisshockwave,itiscompressed(raised
toa hi~erstaticpressure)anditsvelocity3.sreduced.Becausetine
entropyoftheairincreasesinpassingthrougha shock,thetotal
;messtireoftheairstreamisaiaoreduced.IftheshockiSnot
normaltothefree-streamflawdirection,theflowdirectionla
c-cd inpassi~throughtheshock.Thetheoryofcompression
shocksindicatesthat,Iffrictionisneglected,theconditions
imuediateQbehindtheshockarecompletelydeterminedbythecon-
ditionsofthefreestreamendtheanglebetweentheshockwaveand
free-streamflowdirections.Inorder$0predicttheconditionsat
thesurfaceofanobstacieinthestreamorinthefield-between”the
shockandthesurface,itistherefcrenecess~toknowtherelation
betweenthegeometryoftheobstacleandtheangleoftheresulti~
Slloc’k. Thisrelationhasbeendeterminedforonlya fewsimple,but
veryimportant,geometricelements,amor~whicharetheinclined
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ylanesurfaceandtheaxial~vsymnwbriccone.Thechartspresen~eil 8
are intendedtoprovide,finconvenientandcompleteform,thetheo-
reticalrelatlonsrequiredtodeterminethesupersonicflowagainst
thesetwotypesofobstacleandthecondl.tioue.immediatelybehindany

.

shockwhenitsdirectionisknown.T!heequationsusedtocomputethe
chartsforflowconditionsbehliti a shockandonthesurfacaofan
inclinedplanewerederivedfrokthosegiveninref6rence1. The
chartsoftheconditionsonconesurfaceswereconstructedfromdata
presented’inreferences2 to4. A chartgivingthePrandtl-Meyer
relationsforsupersonicflowaroundcorners(discussedinrefer-
ence5)isalsopresented.
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areusedinthisreyort:

(~ i@)l/2oriticalvelocity,-

gravitationalconstant ‘

velocity”componentparallelto‘shock

Machnumber

ratiooffree-streamvelocitytocritical veloCiW, (~/~Cr)

totalpressure

staticpressure 1

velocity

gas constant

totaltemperature

stitictemperature

velocitycomponentsparallelandperpendicul=$respective->
tothefree-streamdirection

Machangle ‘
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v angle

ratioY“

A angle

betweenshockandflow”directionaheadof’shock

ofspecificheats

betweenflawaheadofandbehindshock

ec conelxilf’-angle

ew angle betwee.1

P density

w anglethrough

Subscripts’:

o

1

2

c

w

cr

msx

incl~d planeandfree-streamdirecliion

whichflowise~anded(Prandtl-Meyertheory)

conditionsinstreambeforeshock

conditionsbehindshock(orbeforePrandtl-Meyerexpansion)

conditionsafterprandtl-Meyerexpansion.

conditionsonconesutiace

conditionsonsurfaceofinclinedplane

criticalvalues

maximumvalues

lYESCRIPTION@ TWO-DIMENSIONjlLA,NDCONICALFLCW

A sketchofa wedgewithonesurfaceparalleltotilefree-stream
directionandtheothersurfaceinclinedatanmgle ~ ispresented
infigure1. Theflowofa frictionlesssupersonicairstream
againstsucha wedgemaybedescribedasfollows:Astheairstream
passesthroughtheshockattachedtotheleadingedgeofthewedge,
itisdeflectedupwindthroughanangleA. If %T islessthana
certainmaximumvalue.& deyendentonthefree-streamMach
number~, theshockisattachedtOtheleadingedge(fig.1). The
flowdflrectionisthenconstantintheentirefieldbetweenshockand
surface;thesurfaceangleIsequaltotheanglecfdeflection
throughtheobliqueshock(A= 19V).* Thecompressionoftheflow,
whichmustresultfromsucha deflection,“takesplaceabruptlythrough

“
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theobliqueshockwaveemanatingfrom,theleadingedge.IYthewedge
isassumedtoetiendan infinite distancedwmtrea% the oblique
shockisstraightandofconstantintensitytoinfinity,whichMeans

.

that(a)theflowisdeflectedanequalamountwhereveritpasses
thiouglhtheshockand(b)conditionsbehind(downstreamof)theshock
areever~hereequal.‘l%eintensityoftheshockfora givenvalue
of ~ isa functionoftheshockangle~, whichis,inturn
dependentonlyon A. For 6W= A = O, there is no flowdeflection
orcompressionandtheshockwavebecomesa Machwave.Theshock
angleCPisthenequaltotheMachangle13= sin-%&. As ew
isincreased,theshockangleand,consequent,thestickin~h~ty
increase.When @w reachesa certaincriticalvalueAcr,
dependson Mo, theflowbehindtheehockbecomessonic(Ml= 1.0).
Forvaluesof ~ greaterthanAcl.theflowbehindtheshockIs
everywheresubsonic(Ml< 1,0).

When ~ reachega certainmaximumvalueAmx (slightly
greaterthanAcr) theshockwavebecomescurvedandstandsupstream
oftheleadingedge.Theflowbehindtheshockisnolongeruniform;
thedeflectionoftheflowinPabsingthroughthe-shockvariesfrom
pointtopoint,dependingontheangleoftheshockatthatpoint.
Theangleofdeflectionoftheflow A isnolongertoleiden-
tifiedwiththesurfaceinclination~ andthoconditionsonthe
svrfacearenolor!erthesameasthoseimmediatelybehindthe~hock.

AS ~ isfurtherincreasedbeyondAu, ~ and pl continue 4
toincrease,but A decreases.When ~ reaches90°) theshock
waveisnormal.tothefree-streamdirectionovertheentirearea
aheadofthesurfaceandtheflowdeflectionthroughtheshockis

.

zero.

H theshockisattachedtotheleadingedgeofthesurface,
theflow pastthelowersurfaceofthewedgeshGwn in figure1
remainsunaffectedbecauseitispralleltothefree-streamdirection.
‘tientheShockbeccmesdetached,however,theflowfromtheuppm
region,whichisnowsubsonicandata higherpressurothanthefree
stream, willexpandaroundtheloadingedgeintothelowerregion.
Thise~ansionwillreeultina,compressivedeflectioncfthefree
streaminthatregionanda consequentextenuior.oftheshockwavo
intothelowerregion.When 6+T”exceeds7%X, a completelowws.ve
willthereforeaypear,whichisnozmaltothefreestreamjuetahead
oftheleadingedge.Theloworhalfof thewave,however,willdegon-
ertiteintoa Machwavoatsomedistancefromthewedgebecausetlno

●

“
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flowbohfndtheshockisexpandingtofree-streamconditions.On
theotherhand,ifthewedgeisofinfiniteextentasasswned,the
u~yerhalfoftheshockwva,mintainsa finiteintensity.

A descriptionofsupersonicflowpasta symmetricalconewith
theaxisparalleltothe”free-s-treamdirection(fig.2)isanalogous
inseveralrespectswiththedescrlptioi:offlowoverinclined
surfacesgivenpreviously,Theshockan@e andtheshockintensity
againvarycontinuouslywith“canehalf-angle@c up~ a ~xim~ .
valueOc.- beyondwhichtheshockbecomesdetachedfromthe
conetip Andstandsaheadoftheconeas,a bowwave..Theimportant
differenceliesintlmfactthat,evenwiththeshockattached,
theconditionsinthefieldbetweentheshockandtheconearenot
constant.Afterthecompressionthroughtheshockwave,thereis
a furthercompressionoftheflowbe”tweentheshockandthecone
surface.Thestreamlinesbehindtheshockarethereforecurvedand“
theconehalf-angloGc cannotbeidentifiedwiththeangleofflow
deflectionthroughtheshockA. Thecondftionoftheflowinmw-“
diatelybehindtheshockJhowever,isdetiem.uine.dfromtheoblique-
shockrelationspreviouslydescribediftheshock&igleQ islmown.
Therels,tionbetweenthisshockangleandthecormangleandthe
renditionsonthecone eurfacemustbedeterminedby integratingtho
differentialequationforaxiallysymnetricconicalflow.This.
equtionhasbeenderived,indifferentforms,lyTaylmand
Mc.ccoll(references2 and3)andbyBusbmann(reference6). Tho
authorsofreferences2 and3 carriedoutthe“inte~ationoftheir
equationforMachnumbersupto8 andforshockanglesuptoVnose
obtainedfor 8C-, TheintegrationofBusemann~sequationwas
carriedoutbyB&zche andWendt(refer&co4),’forMachnumbersto
infinityandforallshockangles.Noattempthasbeen.madeinthis
pa-pertorecalculatetheresults,.Theover-allagreementbetween
thetwoindependentcalcuhtionsalreadymadeisdeemedsufficient
toassuretheiraccuracy.Thodataforthechadts,onconicalflow
weremerelyreplottedandcro~s-plottedinthisre~ortforthe“sake
ofcompletenessandgreateraccessibility.ThOse’chartsapplyonly
toconesatanangleofattackof0. ~eoreticaldiscussionsof
conicalflowatanglesofattack@ befoundinreferences‘/.and5.

Theprecedingdiscussionisooncernedonlywithdeflectionsof
theflowresultingincompression.Conditionsresultirigfroman ~
expansionoftileflowarounda portionofanobstacleinclinedaway
f.rcnatheflowdirection,suchasthetrailingportiond a wing,can
alsobetheoreticallydete~ned. Iftheflowis-twodimensional,
t,hePrandtl-Meyertheo~forex@nsionaroundcornersisused
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(roi’erence5). A chartisincludedinthispapergivingtheTrandtl-
Meyorrelationsuptoa Machnumberof’4. Theusoofthischartis
subsequentlydescribed.

DESCRIPTIONOFCHARTS

Total-pressureratioacrossshocks.-Becausethecompressionof
theflowthrougha shockisnotisentropic,thetotalpressureofthe..——-

streambehindtheshockislessthanthatofthefreestream,The
ratioofthetotalFressuresbehindandaheadoftheshockP@O
dependsonlyontheshockangle~ andontheMaohnumberbeforethe
shock~. (Seeappendix,equation(16).) Thisrelationisplottedin
figure3 forvaluesof ~ from1.2to15.0.Becausetheadditional
compressionbetweentheshockandtheconesurfaceisassumedtobe
isentropic,th.iachartmaybeusedtofindthetotalpressureina
conicalaswellasa two-dimensionalfield.Theinterceptsofthese
curvesat V = 90° correspondtoa normalshookzwhereastheother
limitsofthecurvesat P1/Po= 1.0 correspondtotheMachangle=.

~hange inflowdirection,staticpressure}and‘Machnuniber
acrossobliqueshocks.-Theobll=h~k relat~nsbetweenengleof
flowdeflectionA andshockangle~, static-pressurecoefficient
(PJPO)-1

static-pressureratioP1/PoJ
%? ‘

andMachnumberratio

M1/l~.areplottedinfigures4,5,6,and7,respectively,for
severalfree-streamMachnumbers~. Theflowagainstinclined
planesurfacesisdirectlydeterminedfromthesecharts.

Inthesefigures,twoshocksolutionsaregivenforeach
A< ~x. Whena planesurfaceIsinclinedatanangle~< Amx,
thesolutionindicatedbythesolidlinesisbyfarthemorelikely
tooccurinpractice.Thereisexperimentalevidence,however,that
thedotted-linesolutionsoccurundersFecialconditions(reference9).
Exceptforsuchspecialcases,thedotteduyperportionsofthecurves-
areusefulinyracticefordeterminingonlytheflowconditions
immediatelybehindvariousportionsofa detachedshockwaveifthe
angleofthewaveisknownateachpoint.H a detachedshockisr.
completebowwave,whoseangleV withthefree-streamdirection
variesfrom90°downtotheMachangle,theneachpointofthecurves
fora givenvalue of ~ isrepresentedbya pointonthebowwave
occurringatthatvalueof ~. Thefom ofsucha bowwavehasnot
yotbeentheoreticallydeterminedbutmustbedetorminodbyexperiment. ‘
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Thetheoreticaldeterminationiscomplicatedbecauseforsuchshocks,
a mixtureofsubsonicandsupersonicflowexistsinthefieldbehind
theshockandbecausethefieldisnotuniformlyisentropic.

Asanexampleoftheuseofthechartsinfigures3 to7,con-
sidera symmetricalwedgeofhalf-angle~ = 10° At&nangleof
attackof0°inanairstreamofMachnmber 1~~= 2.0. Infigure4,”
theshoclianglsP is39.2°.Thestatic-pressurecoefficientfrom
figure5 is0.129andtilestatic-pressurerattop /p. is1.7(fig.6).

kTheratiooftheMachnumberin thefieldbehindt e shockMl tothe
free-streamlflchnumber~ fromfigure7 is0.82;therefore;Ml is
1.64.Fromfigure3,thetotal--pressureratioisfoundtobe0.993.

Thevaluesof h infigure7 forwhichMl reaches1.0are
slightlyle=sthan~; thatis,theflowbehindtheshockis
alreadyslightlysubsonicbeforeshockdetachmentoccurs.For
I%=2.0, forexample,Ml& = 0.5 when A = 22.7°,whereas
&x = 22.95°.

Flowpastaxiallysymmetriccones.-Graphicalsolutionsof
thedifferentialequationfortheaxtallyqmmetricconicalfield
havebeen determinedforall shockangles&d allfree-stream&ch
numbersinreference4. Thesho~liangleendthepressurecoefficient
areplottedinreference4 againstconehalf-angleforvariousvalues
of ~r. Thes8twochartsarereplottedinfigures8 and9 for
variousvaluesof ~, ,whichisa simplefunctionof %r. (s=
appendix,equation(7).)he Integrationscarriedoutinrefere-
nces2 and3 werelesscomprehensivethanthoseinreference4
,andcoveredonlytheeolid-lfnesolutions(figs.8 and9)forMach
numbersupto8.0.Withinthisrange,thetwomethodswerecompared
ata numberofpintsandwerefoundtobeincompleteagreement
withintheerrorinreadingthevaluesfromtherespectivecharts.
Thiserrorinreadabilitywasabout+0.5°fortheshcckan@e and
about+.01 forthepressurecoefficient.Figures8 and9,although
plottedonamorereadablescale,me thereforelimitedtothe
accuracyofthereferencecharts.Thefaiz-ingofcurvesthroughthe
points~however,shouldaverageoutsomeofthereadingerrors.

Anexaminationoffigure9 shows’thattheshockangle.‘T
increases.withhalf-angleofthecone”9C uptoa maximummgle
ec-, whichisconsiderablygr6aterthanAmx foundfortwo-
diiiensi’onalflow(fig.4). Againtherearetwosolutionsforthe
shockangleateach 8C< (3C,u. Inthiscase,however,noexper-
imentalevidenceisknownfortheoccurrenceofthebroken-line

? solutions.Theflowconditions”immediatelybehinda conicalshock

.
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arestill determinedfromthetwc-dlmenshnalobliqueshockrelations
offigures3 to7 oncetheshockangleCPhasbeeu&eterm3nedfora
pmzticularconeangle. .

(Pc/PJ-1Thepressureooeffjcientatthesurf’acaofthecone——
. %$2

isplottedagainstoonehaIf-an@e6C forallvaluesof ~ infig-
ure9.

Theratioofstaticpressureontheoonesurfacepc tothefree-
streemstaticpressurepc isplottedfor l%= 1.05 to2.0infig-
u-a10(a)~rOr lb= 2.0 to6,0infiguro10(b),andfcr ~ = 6.0
to15.0infigure10(0).Thedatawerecalculatedfromfig”ure9. At
,~= 0, thestaticpressureatth+>cronesurfacepc isthesameas
& staticproes~rebehindtheshockpl} bothforthenormal-shock
solutionandfortheMachanglesolution.(C,omparefigs.9 and10
vithfY@.5 and6 )

TheratiooftheMaohnumbwratthe”oo.aesurfaos~ tuthofree-
stream”Machnmher ~ 26plOtteaagainstCOnehalf-~leinfig-
urel.l(a)for ~ = 1.05to2.0andinfiguren(b)for ~ = 2.0
to15.0.-tl!heseGurvesve~ calculatedfromthepressureratlcmof
figures6and10, as explajnedintheappendix(equatidn(18)).!lhe
oriticde~, forwhiohthesurfaceMachnumberl% is1.0,does
notcloselyoomwspondwiththe~um angleforwhichtheshock t
romdnsattachedtotheoonetip e.~, For ~ = 2.0,foreX.?.Pie,
~ =-.1.0when ec= 36,4°,where~’@c,mx.41°. Thedtiference
%mtwoencriticalandmaximumconeangleisgreaterthanthedifference “
I@meenca?i.ticalendmaximumylane.surfaceinclination(fig,7)
beoausethereisanaddttiomadiabatic_ession 3etween.shock
andccnesurface. Infact,a smallrangeof00nean@osexistsfor
each~ forwhiohtheflawbehindtheshockisyartl.ysupersonic
andpartlysubsonic;thesubsonicflowis

Therengeofconeanglesforwhicha
fieldexistsiS determinedbyfindingthe
endfor Ml= 1.0.Usingthecurvesfor

nesxesttheoonesurface.

mixedsulmonic-supersonlo
l~t~ ec for & = l.O
M(J= 2.0, itIsfoundfrom

figure7(a)thatMl= 1.0 whentheangleofdeflectionthroughthe
shockA is22.7°.Forthisvalueof A, V fromfi+yn?e4 is61.3°.
Frcmfigure6,“the00nsha~-~le t~t producesthisshook-~gbis
determinedtobe.38.9°.Thisangleisthenthe-limitingOc for
whichtheentirefieldbehtitheshockissubsonic.Thesurface
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velocity,however,wasalreadysonicfor 19c= 36.4°(fig.11)..
From Oc= 36.4°to38.9°,thesubsonic-flowsectortherefore
increasesgraduallyfromtheconesurfacetotheshocksufiace.

Determinationofotherflowvariables.-Intheapyendixitis
shownthatthevelocityatanypointde-s onlyontheMachnwiber
attilepointanduponthecriticalvelocity,whichisdeterminedby
free-streamconditions.Therelationisylottedindimensionless
forminfigure12, Fromthisfigure,thevelocityatthecone
surfaceqc maykedeterminedwhen ~ hasleenfoundfromfig-
ure11. Similarlythevelocityimmediatelybehindtheshockql,
oronthesurfaceofaninclinedplane,maybedetemuimtlwhenthe
MachnumberMl hasbeenfoundfromfigure7, Withthavelocity
ratioandMachnumberratioknown,theratioofsoundvelocitiesmy
easilYbecalculated,Thedensityratioisthenobtained(becaus#~
a= ZP/9)from P/PO = p/PO(aJa)2 andthestatic-temperature
ratio,from t/tO= (a/~)2.

!IWo-dimensionaleqmmionaroundcorners.- Thecharts——presentedhavebeenconcernedwithflowconditionsresultingfrom
compressivedeflectionofthefreestream.Forthecaseoftwo-
dhensionalobjects,therearealsosimplerelationstodetermine
conditionsafteranexpansionthroughany.givenanglefromgiven
initialconditions.TheserelationsresultfromthePrandtl-Meyer
theoryofsupersonicflowaroundcorners.Thetheoryitselfwill
notbegivenbutmaybefoundinreference5. ACCOrdi~tothis
theory,thelhchnumberandthestahicpressurearefunctionsonly
oftheanglethroughwhichtheflowisturned.

Theserelationsareplottedinfi~ure1.3,withtheturning
angle$ asabscissaandthecorrespondingMachnumberM, ratio
ofstatictototalpressurep/P, andMachemgle13asordinates.
Thischecrtisbasedontheinitialcondftion,thatM . 1.0 for
zeroflowdeflection(~= O). Theequations(19)and(20)usedto
plottheserelationsaregivenintheappendix.Inordertouse
thechartfor any other initial ~ch ntier(withintherangeofthe
chart),itmaybeas~umedthattheflowhasalreadybeendeflected
throughanangle$1,whichcorrespondstotheinitialMachnumber
Ml assumed.Theconditionsoftheflowfollowinganexpansionof
h degreesarounda cornermaythen%eobtainedbyreadingtheordi-
natesforanabscissaV = $1+ A. BecausethePrandtl-Meyertheory
isvalidonlyforisentropicflow,itisonlyapproximatelyaccurate
forcompressivedeflectionsresultinginshockwaves.Ifthetotal-
prossurelosstlwoughtheshockisnegligiblehowever,figure13
mayalsobeusedtodetetineconditionsresultingfromcompressive
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&
deflection.Forsuchcmnpressiveturning,conditionsaftera deflec-
tionof h degreesarefoundbyreadingtheordinatesat w =$1 -A,
WhQ1’e$1 istheabscissacorrespondingtotheinitialconditions. -
Theaccuracyoftheapyroxiroationmaybe checkedbyobtainingcorre-
spending’valuesfromtheshockch@s (figs,6 and7). Theuse of the
chartis‘illustratedinthefollowingexample:Anairfoilwith.a

—

symmetrical-diammxlprofi,lehavingedge”angleaof20°isylacedina
uniformair streamofMachnumber~ = 2.0 atanangleofa%tack
of’O. (Seesketch,fig.13.) Theconditionsinfield[1)aredeter-
minedfrotitheshockcharts.Fromfigure6(a),thestatio-pressure
ratioacrosstheshockemanatingfromtheleadingedgeisfoundtohe
?..70;thetotal-pressureratio,fromf@ures,4and3 is0.983.The
ratioofstati’cpressuretototalpressurebehindtheshockisthere-
i’oro ..

p@~, = (1.70/0.993)(po/P~)

wherePO/poiSa simplefunctionOfMachn~berand~Y beobtained
~romfigure13. For ~ = 2.0,PoP~ = 0.127;hence,Plpl = 0.220.
Forthisratio,itisfoundfromthesamesetofcurvesthatiMl= 1.64.
Thesevaluesaretheinitialcondi.tiogsforthesubsequentexpansion
through20°aroundthemidpointof.theprofile.Theabscissaonfig-
ure13fortheseconditions(Ml= 1.64)is * = 16.2°..Theabs$ssa
i’ortheconditionsaftertheexpansionis * = 16.2°+ 20°= 36.2.
I!leconditionsontherear
thisabscissa:M2= 2.39,

TheMachangle~ is
sion.region;theexpansion

suti~cesoftheairfoil~e nowreadfor
p2/Pl= 0.072. r
usefulifitisdesiredtoplottheezq?an-
takesplacetlirougha wedge-shapedregion .

●

✎
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boundedbylinesmakinganglesof PI+ 10°= 37.2°+ 10°= 47.2°and
P~- 10°= 24.60- 10°= 14*8°~respectively,withthefree-stream
direction.

Morecompletechartsforthedeterminationofflowconditions
followingexpansionaroundcornersmaybefoundinreference10.

FlightPropulsionResearchLaboratory,
NationalAdvisoryCommitteeforAeronautics,

Cleveland}Ohio,January15,1947.

.



APPENDIX-

A derivationof

EQUATTO&USEDFOR

theequationsthat

NACATNNO.1373

COMPUTINGGEARTS’.

holdacrossanobliqueshock
maybefoundinreferenoe1. Therehtions~iveninthatreferenoe
aremodifiedsomewhatandrewritteninterms-ofmoreconvenientvari-
ables.Themo~ificatlonsmadeaxeasfollows:

Therelationsbetweenthestatic-pressureratioacrossa shock
P1/l?o)theangleofdeflectionthroughtheshockA, andtheshock
m@e ~, areasfollows(reference1,p.238,equations2.6and2.7,
notationshodified)

[
(Y-u +(Y+l)~

si.n2P =

[)-]

y-l (1)

Po y
4Y ~ -1

tzm(P-A) (7-1)+(7+1)* pl
tan(90-cp)=

(7+1) +(7-l)#T
(2)

u

Beoausethequan’~ityinthebracketofthedenominatorofequation(1)
isequalto -y~.~z, equation(1)maybealgebraicallyoonverted .
to

where

@=?’-l-
7+1

.

(3)

Analternativefomuofequation(2),whiohgivesA ashnexplicit
functionof V or pl/yo,maybederived.Inthenotationoffig-
ure1,theconservationofmassflow,momentum,andenergyequatS.ons
may,bewritten
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Mass:
.

.

Momentum:

.

.

PONO= PIN1 (4)

........... . . —
.’ ..LO= L1 (5a).

- ,2 .

=pO+ pcjN()=,Pl’+ p1N12= constant (m)

Energy: “ ,,

%2 qo2a12 q12 2acr
Y .l+~=~+~.=z (6)

Fromequation(6), : “ “

acr2—.@+- : (7)
q~z %2

Fromtheseequations,thevelocitycomponentsinthehorizontaland
verticaldirectionsarefourid””to-@’(fig.1):

.. ,. -

{
=Cotq ~~1-

whereN1 wasdeter&nedfrom

derivedfromequations4 to6.

(8)

. . . . .

1}(1 - k2)COS2~g - acr2~ (9)

therelation

2’-k2L2 .
acr

Theequatiohfor A isnewfoundbydividingequation(9)by
equation(8)andrearrangingtermsandsymbolswiththehelpof
equattons(3)and(7):
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Equations(3)and(10)were
equation(3)becomes

usedtoplotfigures 4 to 6.

(lo)

,.-

For’‘~ =CO,

??~
1 —

~-— . (1 - k2) sin2~ (11)
%2

andequation(10)becomes

(12)

TheratioM1/~ plottedinfigure

Ml

(

!l~PO
F*GK

Theratioql/qomaybedetermined

7wasobtainedfromtheidentity

#2

)~

fromequation(8):

(13)

whichmaybewrittenas

qlCosA = acr2.— cos29+—- $ COS2V
qo qo2

( acr21- sin2P- -
-)

+ k200S2~=
qoz

.1-= (14)
%2

.

.

.
-.

.
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Thequantitypl/pO is obtainedfromequation(2)

(15]

Figures3 and12,whichapplyforallflowacrosscompression
shocks,maybedeterminedfromtheaboverelations.Fortheratio
oftotalpressureacrosstheshock,thegeneralcompressible-flow
relationmaybeused: ~

7-1
1-,1+~-1 -

M12
PIu%.. 2
Po—-poll+7&l~2‘1.

(16)

BecauseP1/l?oand l.$arebothfunctionsonlyofA and
~ (figs.5 toT)and,becauseA isa functiononlyof ~ and
q (fig.4),theratio%/~o maybeplottedasa functionof qy
for various1~, asshowninfigure3.

Equation(7)showsthatthe
onthecriticalvelocityandthe
am isconstantacrossa shock,
beforeandaftertheshock.The
streamvelocitymaytherefdrebe

free-streamvelocitydependsonly
free-streamMachnumber.Because
equation(7)holdsforallvelocities
ratioofanyvelocitytothefree-
writteninthefollowingform:

Equation(17)isplottedinfigure12andm&ybeusedtodetermine
thevelocityimmediatelyaftera shockql if Ml hasbeendetermined
ortodeterminethevelocityattheconesurfaceqc
found. H % lMS been
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TheMachnumberattheconesurfaceisdeternainedfromisentropic
somyressionrelationsifthepressureandMachnumbertmnediatel.yafter
theshockandthepressureatthaconesurfaceareMown. Therelation
is

(18)

I

wherepl, Mlr and PC may”bedeterminedfromfigures6,7,and10,
reeyoctlvely.Theratio~c~ isplottedagainst8C infigure11. “
!Theangleof,deflectionthroughtheshockA, fromwhichpl and Ml
aredetermined,isfoundfromfigure4 whentheshockangleW has
beendeterminedfromfigdre8,

ThederivationofthePrandtl-Meyerrelationsforflowaround
c:rnersIsgiveninreference5. Inthenotationofthispaperand
withtheinitialcondittonthat$ = O whenM=l.0, theserelations
(Tlottedinfig.13)we given%ythefollowingequations:

1 tan-l(kcot@)+ ~ -90°=B

--%
-p -1-9oo)37-

(19)

(20)
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Figure l.- Supersonicflowoverimlined
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FigureZ.-Supersonicflowoveraxiallysymmetriccone.
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Fiuure 10.- Continued. Relation between surface static-preaeure ratio and cone half-
angle for various f: ee-stream Mach numbers. Y, 1.40.
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